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£h ! Abstract. The longitudinal response function of 4 He is calculated with the 

Argonne V18 potential. The comparison with experiment suggests the need 
of a three-body force. When adding the Urbana IX three-body potential in 
[ the calculation of the lower longitudinal multipoles, the total strength is sup- 

' pressed in the quasi-elastic peak, towards the trend of the experimental data. 

The inclusive electron scattering is governed by two kinds of response func- 
; tions: the longitudinal, Rl(oj, q), and the transverse response, Rt(w, q), where uj 

£^ ■ and q are the energy and momentum transfer. Rl/t are induced by the electro- 

magnetic charge, p(q), and current, J(q), operators, respectively. We investigate 
the medium-low momentum transfer region of the longitudinal response func- 
tion of 4 He starting with a realistic two-body interaction only, the Argonne V18 
j_| ■ (AV18) potential p], and then adding the Urbana IX (UIX) three-body force [2] 

as a second step. The longitudinal response is in fact a rich soil for the investiga- 
tion of three-nucleon force effects, since one can trust the non-relativistic limit 
and one does not need to include meson exchange currents, as required for Rt 
to ensure gauge invariance. The longitudinal response is defined as 

R L ( u ,c l )=^\(W f \p( (l )\Wr )\ 2 s(E f -Eo-u + ^j , (1) 

where Eq/j- are the energies of the ground and final states |^b//) and M is the 
mass of 4 He. In our calculation of Rl the final state interaction of the contin- 
uum four-body wave function is fully taken into account via the Lorentz Integral 
Transform (LIT) method [3], where one does not calculate ([1]) directly, but one 
first evaluates an integral transform of it. The method leads to the solution of a 
Schrodinger-like equation with bound state-like asymptotics. We solve it making 
use of a spectral resolution method based on the construction of an effective 
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Figure 1. Percentage contributions of multipoles of order J to the total strength. 



interaction in the hyperspherical harmonics basis (EIHH) [H [5]. The response 
function itself is then obtained by a stable inversion of the integral transform. 
In the present calculation, as done in [6], we separate the charge operator into 
isoscalar and isovector parts, which we expand in multipoles. In Fig. [I] we show 
the total strength of each multipole for two different momentum transfer val- 
ues, q = 300 MeV/c and q = 500 MeV/c. One notes that the convergence of 
the multipole expansion gets slower with increasing momentum transfer. How- 
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Figure 2. Isoscalar and isovector response functions of 4 He for different multipoles, consecu- 
tively summed up to the indicated order J, for q = 300 MeV/c and q — 500 MeV/c. 



ever, with the present approach we can easily access the full response function 
of each multipole as a function of the energy, as presented in Fig. [2] for the same 
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two momentum transfer values. Summing then the total isoscalar and isovector 
contributions, we can directly compare our calculation with the available experi- 
mental data. In Fig.[3]one can note that the AV18 two-body potential alone leads 
to an overprediction of the quasi-elastic peak, especially for q = 300 MeV/c, sug- 
gesting the need of a three-nucleon force. By including the UIX three-body force 
in the calculation of only the monopole (C^ V ) and dipole (CY) responses for 
q = 300 MeV, in fact we observe a reduction of the total strength. Since these 
lower multipoles, where the effect of UIX is taken into account, contribute to 
about 50% of the total strength (see Fig. [[]), we can estimate the global effect of 
the UIX force to be about twice the effect shown in Fig. [3j In future it remains 
to be seen whether the AV18+UIX nuclear force model is able to reproduce 
electron scattering experimental data for the longitudinal response in the whole 
quasi-elastic peak region and for different momentum transfer values. 
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Figure 3. Longitudinal response function of 4 He at momentum transfer q = 300 MeV/c and 
q = 500 MeV/c with the AV18 potential in comparison with experimental data from Bates 7 
and Saclay [8]. The curve denoted with AV18+UIX includes the three-body force only in the 
Cq^ V and CY multipoles. 
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